This work presents the preparation of SrBi 2 Nb 2 O 9 (SBN) directly by the combustion synthesis. Strontium nitrate, niobium ammonium oxalate (NH 4 H 2 [NbO-(C 2 O 4 ) 3 ]Á3H 2 O) and bismuth oxide were used as oxidant reactants and urea as fuel. The influence of the fuel was evaluated by the addition of different fuel amounts (50%, 100%, 200% and 300%), 100% being the stoichiometric proportion. The XRD patterns showed that the SBN perovskite crystallized as the majority phase. The assynthesized stoichiometric powder presented a specific surface area of around 13 m 2 /g and a mean grain size of around 16 nm. Dilatometric measurements showed that the maximum sintering rate occurs at 1275 jC. The determination of the ferroparaelectric transition showed a Curie temperature (T c ) of 429 jC. D
Introduction
The bismuth layered oxides family has been a matter of interest due to its electrical properties and potential applications as ferro-piezoelectric materials [1] . These compounds present a structure consisting of perovskite layers (A m À 1 B m O 3m + 1 ) between bismuth oxide layers (Bi 2 O 2 ).
Among the compounds with m = 2, (i.e. with two perovskite-like units stacked between Bi 2 O 2 layers), SrBi 2 Ta 2 O 9 (SBT) and SrBi 2 Nb 2 O 9 (SBN) have attracted great attention because of their potential application as ferroelectric random access memories (FERAM) in the thin film form. These materials are known for their fatigue-free behavior. Although there is a considerable amount of reports on these compounds on the thin film form, the studies on bulk form are not so vast.
Normally, the preparation of SBT and SBN ceramics is done by the solid state reaction [2 -6] but the use of the solution process instead of solid state reaction leads to powder with better stoichiometric control and morphology due to the nanosized grain obtained. Lu and Saha [7] reported on the preparation of SBT powder by the colloid emulsion process.
For physical deposition process, such as radio frequency and pulsed laser deposition, the preparation of dense SBN target ceramics is significantly dependent on the properties of the initial powder, such as sinterability, purity and homogeneity. Therefore, obtaining SBN powders with homogeneity at molecular level and controlled particle size is an important issue.
An alternative for obtaining nanosized grain powders is the combustion synthesis, which consists of the exothermic redox reaction between metal nitrates (oxidant reactants) and an appropriate fuel (reductive reactant). The main advantage is that the necessary heat for synthesis is obtained directly from the reaction itself and not from an external source [8] . The disadvantage of this method is that precursors based on nitrates are not always available.
This work reports on the preparation of SrBi 2 Nb 2 O 9 (SBN) powder directly by the combustion synthesis.
Experimental procedure
In the combustion synthesis, strontium nitrate (98%, Vetec), niobium ammonium oxalate (NH 4 H 2 [NbO-(C 2 O 4 ) 3 Á3H 2 O] (99.8%, CBMM), and bismuth oxide (99.9%, Aldrich) were used as cation sources and oxidant agents, and urea was used as fuel reagent (reductive agent). The bismuth oxide was previously dissolved in nitric acid to provide a better homogeneity of bismuth ions and to supply the nitrate deficiency in the mixture. Partial solubilization of the remaining salts was done with the addition of water. The final stoichiometric composition of strontium/ bismuth/niobium/urea was 1:2:2:18 mol/mol. The mixture was heated at 300 jC (external heat) until the combustion reaction is carried out.
Besides the stoichiometric composition, two different compositions were analyzed: two rich-fuel compositions (1:2:2:36 and 1:2:2:54 mol/mol), and another one, poor-fuel composition (1:2:2:9 mol/ mol), according to Jain et al.'s proposal [9] .
The resulting stoichiometric powder was calcined at 500, 600 and 700 jC for 2 h and X-ray diffraction (Siemens, D5000, using Cu Ka and graphite monochromator) was used to evaluate the crystalline phases.
The morphology of the calcined powders was examined by using scanning electron microscopy (SEM) (Zeiss, DSM 960). The particle sizes were determined from the surface area values measured by N 2 adsorption/desorption isotherms (BET) (Micrometrics, 2000), using the relation:
where D BET is the particle size, S BET is the surface area, and q is the density of SBN. The crystallite size was determined from the XRD patterns using the Scherrer equation:
where D is the crystal size in nm, k the Cu Ka wavelength (0.154 nm), b the reflection width in rad corrected through the instrumental peak broadening, and h is the diffraction angle. The sintering temperature was determined by dilatometric analysis from room temperature to 1290 jC at a rate of 10 jC/min, with a pellet prepared using the stoichiometric powder as-synthesized.
The dielectric measurements (HP 4194 Impedance Analyzer, from 100 Hz to 10 MHz frequency) were carried out using the pellet sintered in the dilatometer. The measurements were taken at temperatures ranging from room temperature to 600 jC. Silver paste was painted on the surface of the pellet to allow the electric contact. 
Results and discussion
The crystalline phases were evaluated in terms of the fuel content. Fig. 1 shows the XRD patterns for powders as-synthesized with poor-, stoichiometric-and rich-fuel proportions. It can be observed that the deficiency of urea leads to poor crystallized SBN powder. Stoichiometric-and rich-fuel proportions allowed obtaining crystallized SBN powders directly.
As can be observed in Fig. 2 , the as-synthesized stoichiometric powder has already presented the SBN perovskite phase. The subsequent thermal treatments at 500, 600, and 700 jC just improved the phase crystallinity. Fig. 2 . X-ray patterns for the stoichiometric SBN powders: (a) assynthesized treated at 300 jC, and calcined at (b) 500 jC for 2 h, (c) 600 jC for 2 h, and (d) 700 jC for 2 h. Fig. 3 . SEM photomicrographs of the stoichiometric SBN powders calcined at 500, 600, and 700 jC.
SEM photomicrographs of the stoichiometric SBN powders, which have been calcined at 500 jC, 600 jC and 700 jC, are shown in Fig. 3 . These powders exhibit an almost-spherical morphology and have a porous agglomerated form. As the temperature increased, more agglomerated particles could be observed and, at 700 jC, the strong agglomerated particles formed were evidenced.
The mean particle size was calculated from the specific surface area, measured by nitrogen adsorption/desorption isotherms, as it can be observed in Table 1 .
It can be verified that the crystallite size did not change after the heat treatments at 500, 600, and 700 jC, which means that the perovskite phase had already been achieved during the combustion reaction itself in agreement with the XRD results. On the other hand, the high sinterability due to the nanosized particles led to agglomerates (easily formed during the heat treatment) increasing the mean particle size, resulting in polycrystalline particles.
In order to evaluate the influence of the fuel, SBN powders were synthesized with different proportions of urea. The influence of the fuel amount in the particle size was also evaluated by BET isotherms.
During the synthesis it was observed that the strongest and fastest reaction occurs with the 200%-rich fuel proportion. This was reflected in the particle and crystallite sizes. The higher temperature reached during the reaction promoted a higher degree of agglomeration leading to a bigger particle size. Moreover, the reaction is so fast that it leads to the smallest crystallites.
In the case of the 50%-poor-fuel proportion, the temperature was not high enough to promote good crystallization, as it can be seen in Fig. 1 . Consequently, the degree of agglomeration was low leading to a powder with the lowest mean particle size. Table  2 summarizes the powder morphology.
The SBN pellet was obtained from a dilatometric measurement from 25 to 1290 jC. It was observed that the maximum densification rate occurs at 1275 jC. The relative density of the pellet was 70.7% of the theoretical density. To provide the electric contact, the largest surface of the pellet was painted with silver paste and heat-treated at 400 jC for 20 min.
The temperature for the ferroelectric-paraelectric transition (the Curie temperature-T c ), which was 429 jC, was determined by impedance measurements. Fig. 4 shows the dielectric constant and tangent loss (tan d), measured at 1 kHz, 100 kHz and 1 MHz frequencies, as a function of temperature. These results are in agreement with those reported in literature [1, 2] . 
Conclusions
SBN perovskite phase nanosized powder was synthesized directly by the combustion method for the first time. The influence of the fuel proportion on powders characteristics was also evaluated. The assynthesized stoichiometric powder presented a mean particle size and a crystallite size of 62.4 and 15.7 nm, respectively. Increasing the fuel proportion leads to an increase in the mean particle size, due to the higher temperature reached during the reaction. Consequently, it increases the degree of agglomeration in these powders. The pellet prepared with the stoichiometric powder presents a ferroelectric-paraelectric transition at 430 jC and such a temperature is a characteristic T c for SBN.
